ABSTRACT
Introduction
Diabetes Mellitus (DM) is a major, emerging clinical and public health problem in Egypt and worldwide. Based on 1985 WHO diagnostic criteria for diabetes and the studies being conducted in Egypt in 1995 [1] , the prevalence of DM adjusted to world population was 11.4% in 2010 and estimated to be 13.7% in 2030 [2] . By the year 2025, it is estimated that 13.3% of the population 20 years of age will have diabetes [3] .
Patients with DM have a threefold greater chance of hospitalization compared to those without DM [4] . The management of DM in hospitals is generally considered secondary in importance when compared to the condition that prompted admission [5] [6] [7] . Despite the increasing body of evidence to support the tight glycemic control in hospitalized patients, blood glucose control continues to be deficient and is frequently overlooked in general medicine and surgery services [5] .
Traditional sliding scale insulin (SSI) as sole regimen is no more recommended [8, 9] . This reactive approach is not based on physiologic principles of glucose regulation [10] , where it treats hyperglycemia after it has already occurred instead of preventing its occurrence, leading in turn to rapid changes in blood glucose levels, exacerbating both hyperglycemia and hypoglycemia, and can lead to iatrogenic diabetic ketoacidosis (DKA) [7, 11] .
Insulin 70/30 is a combination product consisting of 30% regular insulin and 70% isophane NPH insulin. The soluble component, when injected 30 minutes before a meal, aims to lower postprandial glucose excursions, while NPH provides basal insulin coverage for both breakfast and dinner. Together, they should provide in-sulin coverage for existing hyperglycemia, as well as any subsequent hyperglycemia [12] .
The combination of a long-acting basal insulin such as glargine, or detemir with a rapid-acting prandial insulin such as aspart, lispro or glulisine has been recommended as a more physiological approach to glucose control in the hospital than SSI [7, [13] [14] [15] .
Although Scheduled Subcutaneous Insulin therapy (SCI) has been recommended for better glycemic control in hospitals [16] , SSI regimens continue to be used by many clinicians in the Egyptian's hospitals and this often results in undesirable outcomes. A better controlling tool for DM is clearly needed.
Accordingly, the aim of this study was to compare the efficacy and safety of traditional SSI to modified tailored 70/30 insulin to basal plus SS insulin regimen for glycemic control in hospitalized patients with type 2 DM.
Methods

Patients
63 non-surgical patients with a known history of type 2 DM for longer than 3 months admitted to general medicine wards were recruited. Further inclusion criteria included, age between 18 -64 year old, treatment with diet alone, any combination of oral antidiabetic agents and/or insulin before admission. Exclusion criteria included subjects with hyperglycemia without any known history of DM, presence of diabetic ketoacidosis (DKA), patients admitted to intensive care unit (ICU), subjects expected to undergo surgery during the hospitalization course, patients with clinically relevant hepatic disease, impaired renal function (serum creatinine ≥3.0 mg/dL), systemic infections or pregnancy. Also, patients on medications known to interfere with the blood glucose level (either increasing or decreasing) were excluded from the study.
All patients were recruited from the department of internal medicine, Cairo University teaching hospitals, Cairo, Egypt. All patients were screened for their demographic and baseline clinical characteristics before conducting the study.
Study Design
This was a prospective, open-label parallel, randomized study in which all oral anti-diabetic agents were discontinued on admission and selected patients were randomly allocated to receive one of three regimens: either traditional hospital sliding scale insulin (SSI) protocol or to receive 70/30 insulin (Mixtard ® 70/30) regimen twice daily plus supplemental regular insulin at lunch time or to receive once every night (glargine (lantus ® ) plus three times supplemental glulisine (apidra ® ) before each meal.
Insulin management was directed by the hospital specific designed protocol and was carried out daily by members of the internal medicine residency-training program. Glycosylated hemoglobin (HbA1C) was measured on the first day of hospitalization. The primary admission illnesses and preadmission DM treatments have been recorded. No follow-up visit after discharge was included in the study design.
Modified basal/bolus regimen and split-mixed insulin protocols adopted in Umpierrez et al., studies [14, 17] were applied to patients treated with glargine/glulisine and 70/30 insulin respectively as detailed in Table 1 . For SSI group, regular insulin was administered three times daily subcutaneously approximately 30 min before meal for BG > 150 mg/dL (or every 8 hours if a patient was not eating) according to Table 2 .
The results of BG values were presented as pre-meal glucose and mean daily BG during the hospital stay from the day of admission. The primary outcome of the study was to determine differences in glycemic control between treatment groups as measured by mean daily BG concentration during their hospital stay. Secondary outcomes included number of hypoglycemic events, number of episodes of severe hyperglycemia, length of hospital stay (LOS), and mortality rate. Hypoglycemic episodes were classified as major (BG ≤ 40 mg/dL or associated with impaired mental status or loss of consciousness), or minor (BG between 40 and 59 mg/dL) events. Hyperglycemic events were defined as BG ˃ 300 mg/dL.
Statistical Analysis
Statistical analysis was performed using the SPSS software package version 16. Statistical significance was defined as p < 0.05. For continuous variables, one way analysis of variance (ANOVA) followed by Tukey-Post hoc or Welch test followed by Games Howell-Post hoc was performed, while the Chi square test or Fisher's exact test was used for qualitative variables.
Results
A total of 63 patients with Type 2 DM admitted to general medicine services were recruited. In this study, the patients were randomly assigned to receive either hospital SSI (N = 22), or 70/30 insulin (N = 21) or glargine/glulisine insulin (N = 20). One patient in the glargine/glulisine group was excluded due to the development of DKA. There were no significant differences in demographic and clinical characteristics of study patients on admission ( Table 3 ). The most common admitting illnesses included a variety of cerebrovascular (45.2%), cardiovascular (11.3%), gastroin-testinal (8.1%), pul- • Hold oral antidiabetic drugs on admission.
• Starting glargine insulin dose: • Glargine/glulisine treated patients should be started at half amount of the total outpatient insulin dose as glargine.
• Premixed 70/30 insulin treated patients should be started at half amount of the total outpatient insulin dose as glargine.
• Conversion unit glargine-per-unit 70/30 insulin.
• In both cases: give glargine once daily in the evening around 8:00 pm.
Supplemental insulin: glulisine
• Give glulisine three times before each meal for BG ≥ 150 mg/dL according to scale provided in Table 2 .
Hold glulisine if a patient is not able to eat to prevent hypoglycemia.
2.
Premixed 70/30 insulin plus supplemental lunchtime regular insulin regimen 2.1. Premixed 70/30 insulin 1. Patients treated with diet or oral agents before admission:
• Hold oral antidiabetic drugs on admission.
• • Premixed 70/30 insulin treated patients should be started at the same outpatient insulin dose and schedule.
• In both cases: give two thirds of total daily dose (TDD) before breakfast and 1/3 of TDD before dinner.
Supplemental insulin: regular insulin
• Give regular insulin before lunch for BG ≥ 150 mg/dL according to scale provided in Table 2 .
Hold regular insulin if a patient is not able to eat to prevent hypoglycemia.
Insulin adjustment
• If fasting and premeal blood glucose is <150 mg/dl (in the absence of hypoglycemia): no change • If fasting and premeal blood glucose is between 150 and 180 mg/dl (in the absence of hypoglycemia): increase the TDD of 70/30 insulin or glargine by 10% every day.
• If fasting and premeal blood glucose is >180 mg/dl (in the absence of hypoglycemia): increase the TDD of 70/30 insulin or glargine dose by 20%
• If a patient develops hypoglycemia (<60 mg/dl): decrease the TDD of 70/30 insulin or glargine insulin dose by 20%.
• The distribution of 70/30 insulin doses followed the 2/3 AM and 1/3 PM scheme.
Blood glucose monitoring
Blood glucose will be measured before each meal (i.e. before breakfast, before lunch and before dinner) or every 8 hours if the patient was not eating using the same hospital point of care glucose meter. In addition, blood glucose will be measured at any time if a patient experiences symptoms of hypoglycemia or if requested by the treating physician. monary (4.8%), infectious (3.2%), and other disorders (27.4%). There was no significant difference among reasons leads to hospital admission between the three treated groups (p = 0.163).
Efficacy (Primary) Outcomes
Starting at BG level prior to treatment of 204 ± 68 mg/dL n SSI, 200 ± 50 mg/dL in /30 insulin and 241 ± 94 i 70 (Figure 1) . Although 70/30 insulin group showed lower mean morning BG level (180 ± 52 mg/dL) versus (194 ± 76 and 205 ± 69 mg/dL) in glargine/glulisine group and SSI group respectively. There was no statistically significant To ensure glycemic control before discharge, the mean BG levels were compared during the last day of hospitalization between treated groups (F (2,59) = 3.69, p = 0.031). A significantly lower BG level of 168 ± 38 mg/dL was observed in 70/30 insulin group compared to 220 ± 76 mg/dL in SSI group (p = 0.025).
Safety (Secondary) Outcomes
There was a statistically significant difference in the mean length of stay (LOS) between treated groups (F (2,59) = 4.7, p = 0.013). LOS was statistically significantly shorter (4 ± 1.6 day) in patients treated with 70/30 insulin compared to (6 ± 2.5 day) those received the SSI therapy (p = 0.011). There was neither statistically significant difference in LOS between 70/30 insulin and glargine/glulisine group (5.4 ± 2.5 day, p = 0.11) nor between SSI group and glargine/glulisine group (p = 0.66) (Figure 2) .
Although about one fourth (10 ± 7 IU) of total daily (glargine/glulisine) doses were missed, a significantly (F (2,59) = 7.82, p = 0.01) higher dose was administrated in subjects of the glargine/glulisine group (45 ± 18 IU) compared to that administrated (26 ± 14 IU) in SSI group (p = 0.001). There was neither statistically significant difference in mean total insulin dose between 70/30 insulin and glargine/glulisine group (34 ± 13 IU, p = 0.073) nor between 70/30 insulin and SSI group (p = 0.201).
About 80% of total daily missed (glargine/glulisine) was attributed to missed glargine dose which represented 8 ± 7 IU while daily glulisine missed doses 1 ± 2 IU. This resulted in Unequal distribution between glargine and glulisine dose where, the mean daily glulisine dose was (28 ± 16 IU) represented approximately 2/3 of total glargine/glulisine dose while the mean daily glargine dose was only 17 ± 9 IU (Figure 3) . The mean total daily missed insulin doses were (2 ± 2) and (2 ± 3) IU in SSI and 70/30 insulin respectively. Fifteen patients (79%) of (glargine/glulisine) group missed at least one glargine dose during their hospital stay.
There were no episodes of hypoglycemia recorded in the 70/30 insulin group. Only a single patient in SSI group experienced eight hypoglycemic events (BG between 40 and 59 mg/dL). In glargine/glulisine, two cases experienced major hypoglycemic episode of BG ≤ 40 mg/dL. One of them experience two episodes hypoglcemia while the other had only one episode. Three patients experienced hypoglycemic events of BG be-tween 40 and 59 mg/dL and were not associated with adverse outcomes. Hyperglycemia defined as BG ˃ 300 mg/dL, occurred at least one time in 15 patients (68.2%) in SSI insulin group versus 10 patients (52.6%) in glargine/glulisine group and four patients ( 
Discussion
Evidence from observational and interventional studies indicated that, hyperglycemia occurring during hospitalization (HDH) in critical and noncritical illness was associated with an increased risk of complications and mortality [5, 7, 18, 19] .
In the present study, glulisine doses were given before each meal according to sliding scale based on premeal BG level rather than three fixed doses with additional supplemental doses as shown in Umpierrez et al., study [14] . This modification gave the investigators great flexibility on selecting the most appropriate gluisine doses from first time without the need for dose correction and thought to minimize confusion among nursing staff. Although SSI doses illustrated in the present study seem to be somehow aggressive scale, which has not been sufficiently tested in the literature, it represents a commonly used sliding scale in both governmental and private hospitals in Egypt. Although the glycemic target in majority of non-critical care setting is to maintain premeal BG level below 140 mg/dL [9] , this aggressive scale provides no prandial coverage when BG values are under 150 mg/dl. This is acceptable with respect to the risk of hypoglycemia [9] Modified tailored 70/30 insulin regimens including twice-daily premixed insulin plus supplemental lunch insulin resulted in a significant improvement in glycemic control throughout the hospital stay. Starting at a similar BG concentration, the mean BG level after the first day of hospital stay was significantly lower in the 70/30 insulin group compared to the other regimens. This finding supports the better glycemic control reported in Schoeffler et al., pilot study utilizing 70/30 insulin versus SSI [20] and goes along with Liebl et al., [21] who showed that, twice daily injections of premixed insulin were comparable to intensive insulin treatment in insulin naive subjects. Glycemic control with glargine/glulisine was comparable with SSI which opposes Umpierrez et al., finding [14] who reported better glycemic control achieved with basal/bolus insulin than with SSI alone. Our finding opposes recommendations on utilizing SCI as a more physiological approach to control blood glucose in hospitals [16] .
Because of the inadequate duration of action of NPH insulin and the undesirable peak activity at 4 -6 hour after injection [20, 22] , some Type 2 DM patients on twice daily treatment with premixed insulin, may complain of hypoglycemia before lunch, necessitating a reduction in the insulin dose at breakfast. However, reducing the insulin dosage at breakfast may cause an increase in evening plasma glucose levels; indicating the limitation of this insulin regimen. Moreover; in Egypt, consuming homemade meals provided by caregivers is a common hospital break regulation which may result in increase in both lunch and evening BG levels. To overcome limitation with in twice daily NPH regimen, biphasic insulin analogues have been given three times a day and shown to be as efficacious as basal-bolus regimen [23] , but accompanied with more minor hypoglycemic episodes compared to biphasic human insulin twice daily, but this was not statistically significant [24] . The safety of thrice daily biphasic human insulin regimen is still not well established [25] . An alternative option was to add midday prandial insulin to biphasic insulin based regimen as shown by Holman et al. [26] . This regimen was applied in the present study through introducing supplemental insulin dose at lunch time when BG > 150 mg/dL resulted in better glycemic control. Our adopted protocol used a similar concept to that offered by Yamada et al., [27] who suggested additing glinide, a novel rapid-acting insulin secretagogue, once a day at lunch-time to twice daily injections of premixed insulin. The continuous elevation in BG level in SSI group supports the medical fact that the use of SSI as sole treatment is ineffective and associated with several problems [28] [29] [30] [31] . SSI is a reactive response to hyperglycemia [7, 32] and is based on illogical assumption that insulin sensitivity is the same for all patients [20] .
In the present study, despite a proper administration schedule and monitoring design, poor glycemic control was observed in the glargine/glulisine insulin group, which may be attributed to nursing's errors. With low education and poorly trained nursing staff, giving two different types of insulin at night created a great source of confusion and resulted in some cases, in nurse selfdecision of giving only one type of insulin. If the missed insulin was glargine, this resulted in great BG fluctuation overall the next day. This problem was confirmed by interviewing the patients rather than interviewing the nurses, who would not admit it and most times confirmed by reviewing patient's medication sheet, where no glargine doses were recorded to be administrated. This was a very difficult point to control by the investigators who normally were available during the morning doses only. Although no studies in Egypt have focused on quality of nursing staff, there was a great agreement among practicing physicians and residents on both shortage and poor education level of practicing nursing staff in Cairo University teaching hospitals where the study was conducted. Unfortunately, same problem could be easily extrapolated in other governmental hospitals in Egypt. Different research studies concluded that, hospital working conditions and the adequacy of nurse staffing are important predictors of variation in hospital patient outcomes [33] [34] [35] [36] [37] [38] .
In the non-critical care setting under investigation in this study, patients remained on the same SSI regimen despite widely varying insulin requirements resulting in undesirable hypoglycemic and hyperglycemic events that were observed in more than 68% of patients treated with SSI. Hyperglycemia (BG > 300 mg/dL) observed in more than half of the patients treated with glargine/glulisine in addition to higher BG morning which may also be attributed to missing glargine night dose as previously mentioned.
70/30 insulin is a combination product containing both short-and intermediate-acting insulins. Pharmacodynamic profile of 70/30 insulin (30 minutes onset, peak after 4 -8 hours, effect, and duration up to 24 hours) [20] provides better basal insulin coverage, resulted in lower mean BG morning in 70/30 group compared to the SSI group and fewer subsequent hyperglycemic events. These results indicate that, the 70/30 insulin regimen provides better glycemic control compared to SSI hospital protocol which goes along with Schoeffler et al., pilot study utilizing 70/30 insulin regimen [20] .
The presence of hyperglycemia is associated with prolonged hospital stay, disability after hospital discharge, and death [5] . The mean hospital LOS was significantly shorter in patients treated with 70/30 insulin compared to those in the SSI group. This finding opposed the one reported by Schoeffler et al. [20] , which showed no significant differences in mean hospital LOS comparing 70/30 insulin regimen versus SSI. This may be explained by the significant glycemic control observed in patients treated with 70/30 insulin compared to SSI, and thus faster recovery in patient's condition confirmed by significant lower BG reading on last day of hospitalization. However, LOS was comparable in glargine/glulisine group and SSI group, which, agrees with the finding reported by Umpierrez et al., study [14] .
Patients treated with glargine/glulisine group received approximately two times higher total daily insulin dose than those treated with SSI. This higher dose could not explain hypoglycemic events occured in glargine/glulisine group since in Umpierrez et al., [14] despite higher approximately triple insulin dose, the use of the basal /bolus insulin regimen was safe and was associated with a low rate of hypoglycemic events. However, in the present study, and surprisingly, there was an unequal distribution between glargine and glulisine in the total administrated dose where glulisine contributed a great proportion in total daily dose. As a result of missing glargine night dose, higher glulisine doses were administrated to correct hyperglycemia. Hyperglycemia over correction resulted in subsequent hypoglycemia. The risk of hypoglycemia increased particularly in that subject group due to inappropriate timing of rapid acting insulin in relation to meals. The practice of giving insulin just before the meal created a second source of error among nursing staff who almost forgot to ask patients on basal/bolus regimen to take their meal immediately after bolus insulin injection instead of waiting 30 minutes as they used to do with their home insulin. The average total daily insulin dose was slightly higher in the 70/30 insulin group compared to SSI; however, this was expected as shown in Schoeffler et al., pilot study [20] .
Despite the evidence supporting inpatient glycemic control and guidelines recommending tighter inpatient glycemic control, clinical practice in Egyptian hospitals is slow to change. The fear of hypoglycemia in addition to poorly educated nursing staff, insufficient frequency in BG monitoring, failure to recognize changes in insulin requirements and resistance to change, pose a great challenge in most Egyptian hospitals to changing from SSI to weight-based insulin administration and real obstacle to make daily insulin dosing adjustment after first ordering.
Study Limitation
The main weakness of this study is the small sample size. This could be attributed to two reasons: first, the financial constraint where the study was completely selffunded and all the 70/30 insulin, glargine/glulisine Solostar Flex-Pen ® insulin were supplied by the inves-tigators; second, the difficulty in recruiting patients with previously set inclusion and exclusion criteria from Cairo University Hospitals. Because treatment in Cairo University hospitals is a completely free service, priority in the provision of case is always given to critical and multiple complicated conditions. Although nursing errors were associated with major poor patient outcomes in glargine/glulisine group, no appropriate assessment of nursing staff education was conducted during this study.
Conclusions
With increasing evidence in support of tight glycemic control, new strategies should be implemented to control DM in Egyptian governmental hospitals. With poorly educated nursing staff, basal plus SS insulin failed to provide adequate glycemic control among hospitalized patients. However, it was found that, treatment with tailored 70/30 insulin regimen resulted in both statistically significant glycemic control and shorter length of hospital stay compared to the use of traditional SSI protocol which is inadequate to achieve current recommended glycemic targets in Egyptian patients, when used as the only inpatient treatment for diabetes.
Proper education and training of hospital staff on effective management of patients with diabetes and implementation of standardized subcutaneous scheduled insulin therapy order sets are highly recommended.
Recommendation
Further trials on larger sample size are recommended together with conducting economical studies comparing the three regimens.
More appropriate assessments of nursing staff quality in both governmental and private hospitals in Egypt are clearly needed.
Ethical Standard
Informed consent was obtained from all subjects or their surrogate after explanation and understanding of the nature, purpose, and potential risks of the study. The study protocol was approved by the Ethics Committee, Faculty of Pharmacy, Cairo University. This pilot study was conducted according to the Declaration of Helsinki and Good Clinical Practice guidelines [39] . This trial was registered at clinicaltrial.gov with registration identifier (NCT01855243).
Conflict of Interest
This study was a self-funded, and the authors have no conflict of interest to declare.
